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Abstract 
Although electric vehicles (EVs) gain more and more popularity these years, the issue on whether they are really 
more environmentally and ecologically sound than non-electric vehicles, e.g. gasoline and diesel fuel burned internal 
combustion engine (ICE) vehicles has become a heat-debated one. This paper outlines an assessment model which 
intends to compare well-to-wheel energy consumption and pollutant emissions between EVs and non-electric ones, 
using Analytic Hierarchy Process (AHP) technique based on the potential environmental and ecological impact. The 
modeling in this case predicted that from the perspective of total energy consumption and pollution, further 
improvements are still necessary for the feasibility and widespread use of EVs. 
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1. Instruction 
Recently discussions regarding electric vehicles (EV) have been more and more popular in politics, 
science and even daily life. These discussions are initiated by the finiteness of fossil fuels and the 
problem of the global warming due to increased amount of the greenhouse gas CO2 in atmosphere. Since 
a large part of the CO2 is produced in traffic, it is mandatory to find means to decrease or even omit the 
emission of greenhouse gases by vehicles. Due to the high efficiency and the possibility to generate the 
energy remotely, electric traction is an interesting alternative to the classical internal combustion engines 
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(ICE). However, it is still a long way to go for the electrical vehicles to squeeze ICE vehicles out of the 
streets and it is even debated, if it is meaningful to replace the ICE completely. 
In this paper, we analyze the current situation of the EV technology and address different layers of 
involved social, political and environmental problems by building the Impact Evaluation (IE) Model, 
which is a model describing the impact of the electric vehicle’s popularity on the following four aspects: 
the total amount of pollution produced by all vehicles in traffic, the production cost of electric vehicles, 
the efficiency of public transportation and the total amount of energy required by all vehicles on our 
streets. Then Analytic Hierarchy Process is applied to dig out key factors in the process of introducing the 
widespread use of EVs. 
2. Nomenclature 
Table 1. Glossary of terms and their abbreviations [1] 
Abbr. Full description Explanation 
EV  Electric Vehicle A vehicle powered, in part or in full, by a battery that can be directly plugged into the mains 
GV Gasoline Vehicle A vehicle features an ICE that is fueled by gasoline 
DV Diesel Vehicle A vehicle powered by diesel engines 
BEV Battery Electric 
Vehicle 
A vehicle powered solely by a battery charged from mains electricity 
PHEV Plug-In Hybrid 
Vehicle 
A vehicle with a plug-in battery and an internal combustion engine 
AFV Alternatively  
Fuelled Vehicle 
Internal 
Any vehicle which is not solely powered by ’traditional’ fuels. 
ICE Combustion Engine Petrol or diesel engine 
FC Fuel cell An electrochemical device for providing electricity that consumes reactants from an external 
source, which must be replenished. 
 
3. Impact-Evaluation (IE) Model 
Many articles and reports have been dedicated to evaluate the impact of the widespread adoption of 
EVs [2, 3]. In this section, we aim to build up a time-dependent evaluation model, rather than merely 
considering impacts statically. The justification for a more complicated time-dependent model is that 
environment and society are complex systems and hence factors in these systems will inevitably influence 
one another. 
3.1. EV: Amount and Proportion 
To measure how widespread EVs are, we use the estimated number of EVs and total vehicles in use 
from [4, 5]. In this way we can derive the share of EVs in the market. To assess the popularity of EVs, we 
should take both quantity and proportion into account. As in the market penetration of any new 
technology, the market share of EVs will satisfy the Logistic Model [6].  
3.2. Well-to-Wheel Energy Consumption & Pollution 
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The Center for Transportation Research (CTR) at Argonne National Laboratory (ANL) has developed 
a spreadsheet-based model for estimating the full fuel-cycle energy and emissions impacts of alternative 
transportation fuels and advanced vehicle technologies for research purpose, known as GREET 
(Greenhouse gases, Regulated Emissions, and Energy use in Transportation) Model [7].  
The model simulates the fuel-cycle energy use in Btu/mile and the emissions in g/mile for various 
transportation fuels and vehicle technologies. Moreover, the GREET model currently involves light-duty 
vehicles of all fuel types (gasoline, diesel, fuel cell, electric, etc.) [8]. 
3.3. Production Costs 
Some of the costs of the EV industry are independent of the level of output of the firm, and these are 
the fixed costs. Fixed costs are the costs that must be paid regardless of what level of output the EV 
industry produces. For example, the firm might have mortgage payments and machine investment that are 
required no matter what its level of output.  Other costs change when output changes: these are the 
variable costs. For example: the material cost of each car’s battery and the time the time worker would 
spend on it when putting different components together.  The total costs of the industry as the production 
number goes up can always be written as the sum of the variable costs, CV(y), and the fixed costs, F: 
 
C(y) = CV(y) + F         (1) 
 
3.4. Travel Efficiency 
The TTI is the ratio of a vehicle’s travel time on streets in the peak period (peak travel time) to the travel 
time at free-flow conditions [9]. The TTI includes both recurring and incidental conditions and is, 
therefore, an estimate of the conditions faced by urban and motorway travelers. Since a time is divided by 
another time to calculate this Index, it is dimensionless. Thus, using this index it is possible to compare 
trips of different lengths to estimate the excess travel time in comparison to the one experienced at free-
flow conditions. 
The free-flow travel time for each functional class is subtracted from the actually needed average travel 
time to estimate the delay. The Travel Time Index is calculated by comparing the total travel time to the 
free-flow travel time. See Equation (2) below. 
 
TTI = PTT / FFT = (DT + FFT) / FFT = DT / FFT + 1   (2) 
 
where PTT is peak travel time. DT is delay time and the Free-Flow Travel Time FFT is the amount of 
time needed to travel the roadway section length at the free-flow speeds. 
3.5. Analytical Hierarchy Process (AHP) 
We will produce a synthetic measure to weight all aspects by using an Analytical Hierarchy Process 
(AHP) [10]. Some indices are better when the value is larger, while others are more preferable when the 
value is small. For comparability of these two groups of parameters in the model, we give positive 
weights for the first group and negative weights to the latter one. 
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Fig. 1.  The Hierarchy 
The factors form a double-layer structure, which is illustrated in Figure 1. For each layer, we begin 
with the evaluation vectors and after weighing the relative significance of each factor pairs, we can 
construct the conjugated- comparative matrix with Saaty’s Rule [10]. For example, in the first layer, the 
vector C = (PL, EC, PC, TE) and denotes pollution, energy consumption, production costs and traffic 
efficiency respectively. Let MGOV corresponds to the Government, and MMAN corresponds to the vehicle 
manufacturers, we have the result in Figure 2. 
Fig. 2.   MGOV  and MMAN 
After calculation of the matrix using the summation method [10], we obtain the weight vectors: 
 
w1 = ( 0.2201  0.2466  0.3740  0.1593 )                                                      (3) 
 
w2 = ( 0.0829  0.2052  0.4859  0.2259 )                                                      (4) 
 
Then we can form the key factors for governments and manufacturers respectively: 
 
GGOV = 0.2201 × PL + 0.2466 × EC + 0.3740 × PC + 0.1593 × TE                    (5) 
 
GMAN = 0.0829 × PL + 0.2052 × EC + 0.4859 × PC + 0.2259 × TE                    (6) 
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The weights of the second layer are calculated in the same way. 
4. Conclusions 
Using Analytic Hierarchy Process (AHP) technique based on the potential environmental and 
ecological impact, our model in this case predicted that from the perspective of total energy consumption 
and pollution, further improvements are still necessary for the feasibility and widespread use of EVs. 
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